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Introduction
The analysis of alurainum is usually carried out by
the gravimetric determination of aluminum as the oxide.
The aluminum metai or ore of v/hich it is a constituent
is dissolved in an acid. Then ammonium chloride or
nitrate is added to help control the h^^'^drogen ion
concentration, and to help prevent coprecipitation.
The acid is then neutralized with a slight excess of
ammonium hydroxide. The aluminum, precipitates as the
hydrous aliminum oxide which can be filtered off,
washed with the desired wash solution, ignited, cooled
in a desiccator, and weighed.
This problem arose from the fact that some authors
recommend washing thw precipitate of hydrous aluminum
oxide \7ith a solution of ammonium chloride; while
others state that wasliing with ammonium cliloride will
give low results due to the formation of alumirium
cliloride which is volatile at the temperatr.re of the
ignition.

2Daudt^j Hille''orand3 claim that there is no
appreciable loss of aluminum due to the volatilization
of alu'ninum chloride. Hov/ever, the 5'' made fev\r experimental
determinations, and the results {^iven did not give
conclusive evidence to back up their statements.
Muravlev4 states that washing with hot two percent
ajim-ionium nitrate solution is apt to cause loss up to
three percent of total aluminum unless sufficient
ammonium hydroxide is added to the ammonium nitrate
solution to give an alkaline color to methyl red.
Therefore, an attem.pt was made to determine the
effect of ammionium chloride on the gravimetric
determination of aluminum as the oxide.
1. Daudt, Journal of Industrial and Engineering
Chemistry, 7, 847, (1915).
2. Blum, William,
"Betermination of Aluninun as Oxide",
Journal oi American Chem.ical Society, 38
, 1282, (1916)
3* hillebrand. United States Geologica.l Survey Bulletir
Bo. 422, 99, (1910).
4. Muraviev,!., "Precipitation of AL( 0H )5
determination of Al20^, Z. Anal. Chem.
,
69, 389,
(1925).

3tiistorical Backgroimd
Alinninum has been Imown for many years, but was not
useful until Charles F. Hall in 1886 devised a methsbd for
its separation in a piire form from the ore.
The ore from vvhich aliuminujn is obtained commercially
is bauxite, a liydrated aluminum, oxide ore. Iron in the
form of the oxide is usually present as an impurity.
Aluminum also occurs in such rocks or ores as clay, the
silicates, and cr.yolite.
Aluminum as found in ores or rocks is most often
determined indirectly. The Aluminum Company of America
in its book, "The Chemmcal Analj'^sis of Aluminum" gives
methods for the analysis of e;|.ements wliich occur as
impurities in the aluminum, but does not give procedures
for the analysis of alirminum itself. The rock is
dissolved in acid or fused, if necessary, to get it
into solution. Then all of the elements which form
insoluble hydroxides are removed hy adding a slight
excess of ammoniim hydroxide. This precipitate is
washed with a suitable wash solution alter being
filtered. It is then ignited and weighed. Then the
other constituents such as iron, titanium, etc; are
determined either separately or in the ignited residue
after suitable treatment. The percentages of these
other constituents are subtracted from the total
percentage of the ignited residue. The difference is

taken as the percentage of alnminiun. Of course this
is not an acciirate method, although it may be
satisfactory'’ for the particular results which are
desired. In such a determination the errors made in
the other analyses affect the aluminum analysis.
The usual method which is used when a direct
analysis of alurnin’um is to be made, is the
precipitation of aluminum as the hydrous alruminum oxide
after removing or preventing the precipitation of the
other interfering ions. This can be done by controlling
utie pH very carefully, and also by adding substances
which will fom stable complexes with the interfering
ions. Aluminum can be separated from magnesiiim and
calci’um by controlling the pH by the addition of
ammonium salts as a oufier, and by several
reprecipitations of the alu'minum precipitate.
It is also possible, although not very practical,
to separate iron irom aliunin’urii by the precipitation of
ferrous sulfide in an amronical tartrate solution.
Willard and Purman- mention that aluminum can be
separated from zinc, nickel, cobalt, and manganese by
the slow neutralization of an acid solution by the
hydrolysis of urea.
1 . Willard and Purman, "Elementary Quantitative Analysis
Van Hostrand, Page 301.

A newer method and one v/hioh gives good results
according to Bergl, and Kolthoii^, is the precipitation
of aluminum with 8-jiydroxyquinoline sulfate. The
reagent is dissolved in two nomnal (2l0 acetic acid.
A suitable amount of the reagent is added to the aluminum
solution and ammoniun acetate solution is added until
the precipitate forms. Then a considerable excess of
the ammonium acetate solution is added. The precipitate
is allowed to stand, then filtered into weighed sintered
glass crucibles, which are then heated and weighed imtil
their xveight is constant. The weight of aluminum is
5.87^0 of the weight of the preciuitate. This method is
very suitable for determining small quantities of
aluminum, since the weight of the precipitate is large
when compared with the small weight of the aluminum,
present. A small loss of precipitate in the process
means only an insignificant loss Oj. aluminum.
Doctor Alter and Mr. Me Colley have st'adied the
effect of vjashing a precipitate of hjrdrous ferric oxide
v\j-ith ammonium chloride. They found that even a solution
1. Berg, R.
,
''Determination and Separation of Aluminum
using 8 hydroxyqu.inoline
" ,
Z. Anal. Chem.
,
71, 3b9j 1927*
2. Kolthoff, D. M.
,
Sandell, E. B.
,
"Textbook of
Quantitative Inorganic Analysis", The Macmillan
Company, 193 d j Page 306.
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of one percent aramoninm chloride caused some loss; while
higher percentages of ammonirjn c'nloride in the wash
solution caused a very apnreciable loss due to the
volatilisation of ferilc chloride. Since the procedures
used for the precipitation of hydrous ferric oxide and
hydrous aluminum oxide are practically the same, the
methods used in an attempt to solve these two problems
are vezy similar.
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Ext)erimental Proc edure
Purification of Reagents
Amrnoniurn Pitrate : Baker’s anal3?'zed grade of ammonium
nitrate was used, either in the solid form or
dissolved in distilled water.
Ammonium Chloride : Baker’s analyzed grade of ammonium
chloride was used. The salt was dissloved in
o.istilled water.
Ammonium Acetate : Baker’s analyzed grade of ammonium
acetate was used. The salt was dissolved in
distilled water to make a solution.
Ammoniim E^rdroxide : Merck’s Reagent quality Assay 27-29/^
was iised.
In order to prevent contamination from buy silica
which the concentrated ammonium hydroxide might have
dissolved from the glass container, the anmonia which
was used was freshly distilled as follows; The
concentrated ammonia was placed in a 5OO milliliter
flask which was fitted with an air condenser. The
bottom of the condenser almost touched the distilled
water in a 5OO milliliter flask into which the ammonia
'vvas being distilled. The ammonium ip^-droxide in the
flask was boiled for about fifteen minutes v.^hile the
ammonia distilled over. The receiving flask was
kept in a cold water bath during the distillation.

The follo’.ving diagram shows the apparatus.
A. bimsen burner D. receiving flask
B. distilling flask E. water bath
C. air condenser
Hydro chJLoric Acid : Merck’s reagent quality hydrochJLoric
acid, specific gravity 1.19 was used. It was
diluted with distilled i''7ater to give the required
solutions.
litric Acid : Baker’s analjz-zed grade was Lised. Specific
gravity I.4I5-I.42. It was diluted with distilled
water to give the required solutions.
Acetic Acid: Baker’s analyzed grade of glacial acetic

acid was used, it was diluted with distilled water
to give solutions of the required normality.
8- I-Iydroxyquinoline Sulfate : Material siipplied by
Research Laboratory of Eastman Kodak Company v;as
used. Enough reagent was used to make a 5^
solution of 8 hydroxyquinoline in two normal
(2K) acetic acid solution.
Methyl Red Indicator solution, concentration 0.1 gm per
100 milliliters of 95^ alcohol solution vms used.
Aluminum : Baker's analyzed aluminum ivire, 99*99^ pure
was used to make the solutions.
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standardization of Weights
The weights were standardized using Richard’s
Method of Substitution as given in Kolthoff and
Sandelfl. This method eliminates the effect of any
inequality in the length of the balance arms.
The fractional freights of the set to be
standardized were made of platinum, and their total
^weight was equal to one graTi. The rest of the set
was made of gold-plated brass. Distinguishing marks
of some kind were placed on the differsiit weights of
the same denomination so that these weights could be
told apart.
Method of Weighing
The direct method of weighing vvas used. The zero
point was first determined. The crucibles were kept
in a desiccator which had anhydrone as the desiccant.
They were removed from the desiccator and placed
on the left-hand pan of the Ainsworth balance. Weights
were added to the right-hand pan, and the rider was
adjusted until the pans were balanced.
When solutions were weighed out using the weight
1. I. M. Kolthoff, E. B. Sandell, "Textbook of
Quantitative Inorganic Analysis", The Macmillan
Compan-y, 1956, Pages 213-217.

burette, corrections had to be made for the buoyancy'’
of the air. The folloi''mng formiila was used to make
these corrections:
W=WA i DA/#a - WaI
TMJ
Where W = ^weight in vacuum
WA r weight of body in air = mass of the
weights
DA = density of air
D = density of the body
DW = -density of the weights
Weighing samples of solution using the Weight
Burette
The method of using the v/eight burette v/as as
follows
:
The weight bu.rette used was a glass vessel having
a volume of about one hundred milliliters of solution.
It was roughly graduated for sixtj’- milliliters.
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Diagram
5
The solution wliich ’.vas to be v/eighed out was
placed in the burette. The outside od: the burette
and the tare, a glass object with the same general
shape as the weight burette, were wiped oii with a
damp cloth, and placed in the balance room for at
least one hour. This was done to allov/ equilibrium
to be reached between the water vapor in the air and
the water vapor which condensed on the large glass
surface of the burette.
Then the burette was hung on the left-hand pan
of the balance, and the tare was hung on the right-
hand pan. 'heights were added to the right-hand pan,
and the rider adjusted until the nans balanced. The
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weights were recorded in the notebook.
The bn.rette was removed from the balance, and the
cap was removed. A pyrex beaker was placed rinder the
tip, and the stopcock was opened to allow about ten
milliliters of the aluminum chloride solution to flow
out into the beaker. The stopcock was then closed,
the cap replaced, and the burette was again hung from
the left-hand pan of the balance.
The burette was weighed as before. The difference
between the two v/eights was the v;ei"ht of the solution
drawn off into the bealcer. Other samples were weighed
out in the same v/ay. The weight of the'.- solution v/as
corrected for the buoyancy of the air, using the formula
as given under Method of Weighing.
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Analysis of Alnmin-um
Analyses to check its Parity
The aliminmn wire was rubbed with sandpaper to
remove the coating of aluminum oxide and dirt. A slibrt
piece of the wire was cut off aud weighed. About
0.1 gram samples were talcen. The weighed piece of
wire was placed in a 250 milliliter pyrex beaker with
approximately 50 milliliters of dilute hydrochloric
acid (1:1). The beaker was covered with a watch
glass. Then the covered beaker was placed on the
steam bath and its contents allowed to digest until
all of the wire had dissolved.
Then the solution was evaporated to dryness.
Ten milliliters of concentrated nitric acid was added,
and the solution was again evaporated to dryness. The
procedure was repeated in order to remove all of the
hydrochloric acid.
Finally this residue was dissolved in ten (10)
milliliters of concentrated nitric acid in one
hundred and fifty (I 50 ) milliliters of distilled
water. To this solution about five grams of ammonium
nitrate was added. The soliition was then heated to
boiling. Two or three drops of methyl red indicator
solution was added, and then freslfLy distilled ammonium
hydroxide until the color of the indicator changed from
red to a distinct yellow. The solution digested on the
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steam bath over night. The precipitate was filtered;
washed with one percent {!%) ammoninm nitrate solution.
The filter paper containing the precipitate was placed
in a weighed porcelain crucible, ignited, and weighed.
The heating and weighing was continued until constant
weight was obtained.
In every analysis apparently more aluminum was
found than had been weighed out for the analysis. Of
course the excess v/eight was not due to aluminum, but
to some impurity. The percentage of aluminum found
was greater than the 99 *99^ purity given for the aluminum
wire.
Results
Sample Weight of Aluininuiii
Wire taken in grams
\?3ight of Aluminum
found in grams
I
Excess Y/eiglit
milligrams
1 0.1159 0.1182 2.3
2 0.1129 0.1143 1.4
3 0.1009 0.1023 1.4
4 0.1147 0.1155 0.8
5 0.0944 0.969 i 2.5
6 mined
1
t 'I'
Blanlcs on Reagents
Since the precipitates v/eighed more than they should,
it seemed desirable to run blanks on the reagents to
test their piirity; and also to see if the ammonical
solution was dissolving silica from the glass. It might
be possible that the excess weight was due to silica from
the glass or impurities in the reagents.
The procedure as iised y/as to take three samples
containing y/eighed amounts of aluminum and three samples
ymich contained no aluminum, and carry all six samples
through the same treatment. All of the samples were
treated according to the procedure given under the
analysis of aluminum to check its given purity.
The weight of the residue, if any, from the
solutions containing no aluminum must be due to silica
or impurities in the reagents.
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PLesuJ-ts
Sample! Wt. of Aluminum
Wire taken grams
Wt. of Aluminum 1 Wt
.
found grams
of Residue Excess Wt.
Gram.s 'jMilligrams
1 0.1192 Spilled -
2 0.1100 .1113 1.3
3 0.1126 .1155 2.9
4 I'Tone .0010 1.0
5 None .0014 1.4
6 None .0011 1.1
7 0.1052 .1065 1.3
8 0.0974 .0976 CM.0
9 0.0908 .0923 1.5
i 10 None None
11 None None
12
i
‘ None None
1
Although there were tharee cases sbut of the six in
which the residue from the reagents was over a milligrajn,
the blanks could not account for the cases in which over
two (2) milligrams excess weight had been found in the
analysis of aluminum.
The ignited aluminum oxide was very hydroscopic.
When the uncovered crucibles containing the aluminum
oxide were placed on the balance pan, their weight
increased faster than the rider corl-d be moved.
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Kolthoff and Sandell^ state that if the alurninurn oxide
is heated above 1100° C, it is no longer hydroscopic.
Since platinmi crucibles could be heated to a higher
temperature than porcelain, it ivas thought desirable to
change to platinum crucibles. The last six samples
of the above results were heated in platinum crucibles.
The higher temperature seemed to make no difference.
Since the covers were alv^^ays kept on the crucibles
during weighing, it seemed unlikely, that the excess
weight found could be due to moisture absorbed from the
air by the aluminum oxide. Later some samples were
heated over a blast lamp with no better results.
Reprecipitation of the Aluminum Precipitate
Another possible serious error was the coprecipitation
of other ions with the hydrous aluminum oxide. The
precipitate is a white gelatinous precipitate which
readily carries down with it siich ions as magnesium,
calcium, and strontium; v/hile other ions such as iron
are quantitatively?’ precipitated by the ammonium
liydroxide. It seemed 'unlikely ’bhat there were any of
these ions present for the aluminum wire and the
reagents used were pure.
1. I. M. Kolthoff, E. B. Sandell, "Textbook of Quantitative
Inorganic Analysis", Macmillan Company, 193^, Page 304.
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However, if there was any coprecipitation, it could
be eliminated by a reprecipitation of the hydrous
aluminum oxide. Therefore, three samples of aluminum
were treated as previously described. The alnminum y/as
precipitated as the hydroxide using ammonium hydroxide.
Txiis precipitate y/as filtered off. Then the beaker in
ivhich the aluminum was originally precipitated was
placed under the funnel containing the filter paper ard
the precipitate. The precipitate was washed into the
beaker and dissolved in dilute nitric acid. The filter
paper y/as placed in another bealier containing dilute
nitric acid and digested for several hours over the
steam bath. Then the filter paper pulp was filtered
off and the two filtrates combined. The combined
filtrates were evaporated nearly to dryness; then one
hundred milliliters of water, and a drop of methyl red
was added, finally freshly distilled ammonia, until the
color changed from red to a distinct yellow. Then the
precipitate was filtered off, y/ashed ten times with a
one percent solution of ammonium nitrate solution,
and ignited. The precipitate was then heated, cooled,
and weighed until constant weight was obtained. The
results shoy/ed very little improvement, if any, so it
seemed unlikely that the excess weight was due to
coprecipitation.
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ResuJ-ts
Sample Weight of Aluminum
j
Weight of Aluminum Excess Weight
J- taken in grams
1
found I in Milligrams
1 0.0956 0.0977
f
1
2.1
2 0.0891 0.0891 0.0
3 0.0981 0.0999 1.8
Preparation of an Alnroin-um Chloride Solution
7. 8815 grams of 99*99^ pure aluminum wire were
dissolved in tvjo hundred milliliters of dilute hydrochloric
acid (1:1). Then this solution was diluted with
sufficient distilled water to make a liter of solution.
The amount of aluminum in this solution was not
determined exactly, because it was desired to compare
the percentages of aluminum found in the samples washed
\7ith nitrate and v/ith chloride solutions.
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Test' Platinum for Loss of Weight on Ignition
Kolthoff and Sandell^ state that on prolonged heating
at high temperatures, platinujn crucibles lose weight.
According to them, this loss of weight must be found
aiid accounted for in the resuJLts. Therefore, the six
crucibles, wlriich were used, were heated for varying
lengths of time, cooled at least three hours, and
weighed. There was no apparent loss of weight due to
such heating. The results follow: The last four
decimal fi.gures are the only ones given, for the other
figures don’t vary for each cru.cible.
I
1.
I
I. M. Kolthoff, E. B. Sandell, "Textbook of
Quantitative Inorganic Analysis", The Macmillan
Company, 1936
,
Page 165 -



Pnrther evidence that the crucibles have not lost
an appreciable amount of weight during the analysis is
that the constant weight of the empty crucibles has
changed only a few milligrams for eight complete
analyses. This includes the loss due to cleaning
and burnishing the crucibles with sand.
Results
') Constant Weight of Empty Crucibles
Crucible No, 4 5 7
30.0735 29.4678 29.9758
30.0736 29.4678 29.9758
30.0734 29.4675 29.9757
30. 0728 29.4673 29.9754
30.0729 29.4674 29.9754
30.0727 29
.
4668 29.9748
30.0725 29.4671 29.9749
30.0723 29.4665 29.9742

Precipitation of Alujninujii Using Ammonium Chloride
and Ammonium Mtrate as 7/ash Solutions
Six samples of approximately ten milliliters of
the alLirninum chloride solution were weighed out of the
weight burette into four hundred milliliter pyrex
beakers. The solution was diluted v;ith distilled water
to one hundred and fifty milliliters. Then the solution
vjSiS heated almost to boiling, a few drops of methyl
red was added to each, followed by the addition of
freshly distilled ammonia until the indicator turned
yellow. The beakers were placed on the steam bath for
an hour, then removed, and allowed to stand overnight
without further heating.
Then the solution was filtered and precipitated
through number 40 Whatman filter pai)er, using fluted
fiuniels. Three of the alLiminum precipitates were
washed with Ifo, by weight, ammonium nitrate solution
until there was no test for chloride ion. Usually ten
washings were sufficient. The other three samples
were washed ten times with 1^, by weight, ammoniptm
cliloride solution.
The filter papers containing the precipitates were
placed in weighed platinim crucibles. The crucibles
were then placed on porcelain evaporating dishes over
a low flame until the filter paper had buimed off. Then
the crucibles v/ere placed over a Meker burner and

heated to red heat. Then they were placed in a
desiccator, and cooled for at least three hours.
Pimally they were :veighed. This process of heating,
cooling, and weighing, was continued until two
consecutive v/eights differed onlj^ by one tenth of a
milligraii or less.
Other samples were analyzed using the same
procedure except that different percentages of
ammonium chloride solution were used to wash the
precipitates. The ammonium nitrate solution used for
washing the precipitates was always 1% by v/eight.
Various samples were washed with o-ne, two, and five
percent amraonium chloride solution. Before the work
is finished, some samples will probably be washed with
ten percent ammoniimi cliloride solutions.
Calculations
Prom the weight of aluminum oxide and the weight of
the original sample, it is possible to calculate the
percentage of aluminum.
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Sample Calculation
Y/t. of AIqO^ X factor X 100 r ^ o±' aluninum
V/t. of original sample
Where the factor = 2AL = . 5291
.1588 X .5291 X 100 - , 1621% Aluminujn
rV.’0"?SD
fiJU
e
Results
Sample jVVash Solution Used Percent of Alujpinum Average
A 1 : 1% .7644
2 tt tt .7651 .7647
3
U It
.7647
4 1% I'TH^CL .7586
5
II
,
II
.7608 .7605
6 II II .7621
B 1 1% NH4NO 3 .7875
2 n II .7880 .7883
3
II tt
.7893
4 1% KH4CL .7725
5
11 It
.7729 .7731
6 II II .7741
C 1 1% UH4UO 3 .7651
1 2 It ti .7644 . 7652^
1
i
3
II II
. 760I
1
I
1
4 1% lUi^CL .7850
1
5
II ti
.7873 .7861
1 6 It It
1
.
7860
1. In tliis set, the wrong filter papers wer'' put in
the crucibles so that the higher values should
belong to the samples x^ashed with nitrate.

Results Continued
Sample ^ Wash Solution Used Percent of Aluminum ^ Average
D 1 1^ 0
^
.7725
2 » IF .7665 .7669
3
II II
.7617
!
4 2% iUi^CI .7655
1
5
II II
.7678 .7662
6 II II .7657
E 1 \io .7700
2 II II .7703 .7701
3
II 11
.7701
4 2% ITH4GL .7709
5
II II
.7685 .7695
6 II II .7691
P 1 \i 1H4UO 3 .7681 1
2 II II .7681 .7674
3
1
II II
.7661
4 2io 1^401 .7476
;
5
II II
.7760 .7667
6 II II .7767

Sample
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
Results Continued
Wash Solution Used Percent of Aluminum Average
1% IVH4UO3 .7711
ti ti
.7505 .7620
M II
.7645
2% ITH4CL .7621
II II
.7711 .7684
II II
.7720
1% • 7633
.7600 .7632
II II
.7665 •
1% ITH4CI .7655
II II
.7759 .7713
II II
.7745
1% • 1151
II II
.7736 .7750
II II
.7757
5% im^CL .7793
II II
.7827 .7819
II II
.7838

Test Filtrates for Complete Precipitation
The preceeding resTilts show that either there was
some serious mistalce in the analysis, or else the
method was not satisiactoiy. The precision of the
analyses was very poor, and the results found did not
check the percentage which should be found, for the
amount of alwninum which was dissolved in the original
solution.
It is known that hydrous alwainum oxide is quite
soluble in a slightly alkaline solution. The solubility
increases with increasing concentration of ammonium
1 phydroxide. Blum
,
and Archibald feel that the
solubility is due to the formation of soluble aluminates
Renz2 in 1903 also stated that "v;hen hydrous aluminum
oxide is precipitated by an excess of ammonium hydroxide
from a solution containing ammonium nitrate, a small
quantity of aluminum hydroxide remains dissolved.
"
Blum states that precipitation of aluminum
hydroxide begins when the pH is about 3) is complete at
a pH of 7, and begins to dissolve again around a pH of
1. Blum, William, "Determination of Aluminum as Oxide",
Journal of the American Chemical Society, 38, 1282,
( 1916 ).
2. Archibald and Habasian, Transactions of Royal Societ,
of Canada, 10, 69, (1916); Ibid, 11, 1, (1917)»
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9. Both Blum and Archibald state that the solubility of
the aluminum hydroxide decreases with increasing
concentration of ammonium chloride. They recommend
at lea.st five (5) grams of solid ammonium chloride or
nitrate per 200 milliliters of solution.
Although Blum.’s directions for the precipitation
of aluminum hydroxide v\fere being followed, it seemed
possible that some of the aluminum might be lost in
the filtrate. This might account for the poor results.
Therefore, the filtrates from the twelve samples
under G and H as given in the results, page 29, were
kept. The solution was evaporated dov/n to about fifty
milliliters. Then the directions as given bj- Bergl and
O <
Kolthoff^ for the precipitation of aluminum using
8-hydroxyquinoline were followed. The solutions were
heated almost to boiling. A sufficient amount of a
five (5) percent solution of S-hj'-droxyquinoline sulfate
in 2N acetic acid was added. Then 2I:^' ammonium acetate
solution was added, until a precipitate formed. Then
1. Berg, R.
,
"Determination and Separation of Aluminum
Using 8 Hydroxyquinoline
" ,
Z. Anal. Chem.
,
71, 369,
1927.
2. Kolthoff and Sandell, "Textbook of Quantitative
Inorganic Analysis", The Macmillan Company, 1936,
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twenty (20) milliliters additional ajiunoninm acetate
solution was added. The solutions were allowed to stand
for at least one hour; then filtered through weighed
sintered glass crucibles. The precipitates were
heated at 120° -130° G, cooled and weighed. Five and
eighty-seven hundredths percent (5*87?'0 of the weight
of the precipitate was the weight of the aluminum.
It was foimd that the amount of aluminum in the
filtrate ranged from none to more than two milligrams.
When the percentage of aluminum in the sample was
corrected for this weight, the results showed greater
precision, but still did not give good checks.
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Results: Aluminum Pound in the Filtrate
C-
H
Sample Wt. of AL Pound Percent of
1 .00008 .0011
2 .00225 .0187
3 .00118 .0116
4 .00109 .0099
5 .00045 .0041
6 .00002 .0002
1 . 00001 .0001
2 .0009 .0071
3 .0000 .0000
4 .0000 .0000
5 .0000 .0000
6 .0000 .0000
-4
It is not possible to explain why some of the
filtrates contain more aliminum than others, when all
have received, as far as is known, identical treatment

Direct Evaporation with Ammonium Chloride
and Aimnonium rJitrate Solution
Six samples of aluminum oxide which had been
ignited to constant weight in platinum, crucibles were
taken. To three, one gram each of ammonium nitrate
dissolved in tv;o m.illiliters of distilled water was
adced. To the other thjree,one gram each of anmionium
chloride dissolved in distilled water was added. The
solutions were evaporated to dr^mess carefully, and
the heat gradually increased until the ammonium salts
v/ere driven off. Then the crucibles were heated over
Meker burners, cooled, and weighed. The heating and
v/eighing was repeated until constant weight was
obtained.
The resuJlts were not at all consistent. With such
large amounts of ammonium salts present there is a
great possibility during their volatilization of
mechanical loss of the aluminum.
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Results
?^ple Wt. of AI2O3 Substance Wt. of AIi203 Loss of
taken added found Millii
1 .1524 .1516 0.8
2 .1825 It .1802 2.1
3 . 1665 fi .1653 1.2
4 .1595 1^401 .1586 0.9
5 .1595 II .1580 1.5
6 .1465 II .1442 2.3
7 .1475 NH4NO3 .1464 1.1
8 .1801 It .1795 0.6
9 .1459 11 .1452 0.7
10 . 1636 NH4CI .1629 0.7
11 .1611 ti .1604 0.7
12 .1378 ti .1371 0.7
13 .1464 H20 .1463 0.1
14
.1795 If .1795 0.0
15 .1452 II .1451 0.1
16 .1463 NH.NO,
4 3
.1461 0.2
17 .1795 II .1793 0.2
18 .1451 II .1451 0.0
19 .1461 fi .1458 0.3
20 .1793 II .1790 0.3
21 .1451 II .1447 0.4
22 .1629 NH^Cl . 1626 0.3
23 .1604 It .1600 0.4
24 .1371 II .1368 0.3

Results Continued
Sample Wt* of AlgOj Substance Tift, of Al^Oj Loss of Bt. in
25
26
27
28
29
30
taken added found Milligrams
.1458 NH^N03 .1458 0•0
.1790 ti .1790 0.0
• 1447 It .1447 0.0
.1626 NH4CI • 1626 0.0
.1600 II .1601 0.
1
.1368 II .1368 0.0

SiJinmary
The problem of whether ainrnonium chloride as a wash
solution causes a loss of aluminum in the gravimetric
determination of aluminum as the oxide is still
unsolved.
One possible reason why the results are not
consistent may be that the pH of the solution has not
been controlled closely enough so that the aluminum is
quantitatively precipitated as the hydrous aluminum oxide.
Until it is possible to get results that check one
another when ammonium nitrate alone is used as a wash
solution, it is impossible to tell whether or not
ammonium chloride solution causes a loss.
Partington states that aluminum, cliloride sublimes
at 185° C. If there is any appreciable amount of
aluminum chloride fomed by interaction of the wash
solution and aliiminun hydroxide, it would probabl3i" mean
a loss of aluminum. This has not been proved to be true.
however.
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